INTRODUCTION
Polyunsaturated fatty acid (PUFA) composition in phospholipids has been shown to be associated with the outcome of several complex human diseases such as the metabolic syndrome (1 -3), cardiovascular diseases (4), psychiatric disorders (5,6) and immune-related diseases such as chronic obstructive pulmonary disease and osteoarthritis (7) . Recently, fatty acids have been suggested to play a major role in the development of allergies (8) , as PUFAs are processed to powerful promoters of inflammation called eicosanoids such as prostaglandins and leukotrienes (9, 10) . PUFA levels in phospholipids are known to be determined by both nutrition (11, 12) and the metabolism. Desaturases and elongases catalyse the conversion of PUFAs in humans. Figure 1 shows the metabolic pathway of omega-3 and omega-6 fatty acids in humans. The enzymes delta-5 and delta-6 desaturases (D5D and D6D, respectively) are known to be the key enzymes of this pathway (13) . Both desaturases are expressed in a majority of human tissues, with the highest levels in liver but also with major amounts in brain, heart and lung (14, 15) . The hypothesis that they play a key role in inflammatory diseases is strengthened by functional studies in mice, where selective D5D and D6D inhibitors showed an antiinflammatory response (16) . In human tissue, the regulatory mechanisms of D5D and D6D have scarcely been examined. The human desaturase cDNAs were first cloned in 1999 (14, 15) and identified in 2000 as fatty acid desaturase 1 (encoding D5D) and fatty acid desaturase 2 (encoding D6D) in the human genome (17) . The two genes are located in a cluster on chromosome 11 (11q12 -13.1) with a head-to-head orientation (Fig. 2) . The sequence of the FADS1 FADS2 gene cluster can be identified as a region of conserved synteny to the mouse genes Fads1 and Fads2 coding for the homologous enzymes on chromosome 19 and with the same head-tohead orientation and the same homologous adjacent genes (http://www.ensembl.org/Homo_sapiens/syntenyview).
Linkage was previously reported between or nearby the human chromosomal region 11q12 -13.1 and complex diseases like type 1 diabetes (18) , osteoarthritis (19) and bipolar disorders (20) , as well as asthma (21) , atopy (22, 23) and allergy-related quantitative traits such as total (24) and specific IgE levels (25, 26) .
Eighteen SNPs of the FADS1 FADS2 gene cluster were analysed in 727 Caucasians from a population-based sample. Genetic association analyses were performed, as this region seemed to be a functional and a positional candidate for having a crucial influence on fatty acid composition in phospholipids and on the development of atopic diseases.
RESULTS
Genotyping confirmed 18 SNPs reported in public databases in the FADS1 FADS2 cluster being polymorphic. The mean genotyping success rate was 97.4%. The characteristics of these SNPs, including their positions on chromosome 11, their possible functions and their genotype and allele frequencies are summarized in Table 1 . The distributions of genotypes for all analysed SNPs were consistent with Hardy -Weinberg equilibrium. One of the SNPs (rs482548) had less than 10 subjects (six) homozygous for the minor allele, which were pooled with the heterozygotes for the association analysis in order to avoid conclusions from low numbers. Eight additionally genotyped previously reported SNPs derived from commonly used public databases were found to be monomorphic in the present study population (rs11548150, rs6591659, rs7929805, rs7930214, rs174563, rs174565, rs1141971 and rs2526677). Figure 2 shows the degree of linkage disequilibrium (LD) between the analysed genetic polymorphisms. The gene cluster features a highly preserved LD block with D 0 . 0.9 between the consecutive SNPs covering a 48 kb long genomic region from position 61324329 (rs174544) to position 61372379 (rs174589) on chromosome 11. Rs174544 up to rs3834458 were correlated with r 2 . 0.7. Rs174545 and rs174546 showed a particularly high correlation with rs174553, and rs3834458 with rs174568 (r 2 . 0.99). Thus, the redundant markers rs174545, rs174546 and rs174568 were left out from the analyses. The number of effective loci of the remaining 15 SNPs in the analysis was computed as 10.5 (27) (see Materials and Methods). We accounted for multiple testing by multiplying the P-values for the SNP analyses: 10.5 times for the genotypic effective loci and 17 times for altogether 17 phenotypes: 11 fatty acids, total IgE level, three different specific IgE classifications, allergic rhinitis and atopic eczema resulting in a factor of altogether 178.5.
The results of the SNP association analysis with fatty acids are summarized in Figure 3 assuming an additive inheritance 
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Human Molecular Genetics, 2006, Vol. 15, No. 11 model. After correction for multiple testing, modelling under the assumption of a trend per copy of the minor allele showed highly significant results for the majority of the SNPs in the FADS1 FADS2 cluster and the n-6 and n-3 fatty acids (P-values ,1.0 Â 10
213
) except for n-6 docosapentaenoic acid (C22:5n-6) and docosahexaenoic acid (C22:6n-3). Subjects carrying the minor alleles of the SNPs rs174544, rs174553, rs174556, rs174561, rs174568, rs968567, rs99780, rs174570, rs2072114, rs174583 and rs174589 exhibited enhanced levels of the fatty acids linoleic acid (C18:2n-6), eicosadienoic acid (C20:2n-6), dihomo-g-linolenic acid (C20:3n-6) and a-linolenic acid (C18:3n-3) and decreased levels of g-linolenic acid (C18:3n-6), arachidonic acid (C20:4n-6), adrenic acid (C22:4n-6), eicosapentaenoic acid Table S1 : f.ex. looking at arachidonic acid (C20:4n-6), heterozygotes for the minor allele of the SNP rs174544 have a lower level (9.2% arachidonic acid in total fatty acids) in comparison with homozygotes for the major allele (10.2%). People homozygous for that minor allele exhibit 8% arachidonic acid in total fatty acids. The lines in the figure indicate standard errors. Stars indicate significances after correction for multiple testing from general linear regression analyses assuming an additive inheritance model adjusted for age, gender, BMI, smoking status and education.
Ã P , 0.05, ÃÃ P , 0.01 and ÃÃÃ P ,0.001. The fatty acids g-linolenic acid (C18:3n-6), n-6 docosapentaenoic acid (C22:5n-6) and eicosapentaenoic acid (C20:5n-3) were naturally logarithmized to obtain normal distributions. This is indicated by 'ln'.
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(C20:5n-3) and n-3 docosapentaenoic acid (C22:5n-3) (Fig. 3 , Supplementary Material, Table S1 ). Fatty acids belonging to other pathways like oleic acid (C18:1n-9, data not shown), and docosahexaenoic acid (C22:6n-3), which source is mainly nutritional, did not show statistically significant associations with the genetic variants. Beyond the D 0 LD block, the relationship between fatty acid levels and SNPs weakened or vanished completely: rs174602, rs526126, rs174620 and rs482548 showed associations with fatty acid levels, but not as striking as the SNPs in the block.
Haplotypes were statistically reconstructed for two different windows (Table 2) ; the reconstruction is based only on persons from whom all genotypes were available to avoid large reconstruction errors resulting from missing data. The first window contained the 11 SNPs ranging from rs174544 up to rs174589 out of the 15 SNPs in the analysis in 548 subjects. As suggested by Kamatani et al. (28) , the haplotype block was restricted to SNPs that were located within one LD block with D 0 . 0.9. The strongest associations were found in the first part of the gene cluster. The second window was restricted to the first five strongly correlated SNPs, with r 2 . 0.7, for which complete genotype data of 637 subjects were available. For the 5-locus haplotypes, only two haplotypes had a frequency .5%, with the most common haplotype carrying the major alleles at all loci (frequency 68%) and the next frequent haplotype carrying only minor alleles (frequency 26%).
Haplotype association analysis indicated highly significant associations also after correction for multiple testing (P-values multiplied with 17 for the 17 tested outcomes) between the haplotypes and the fatty acid levels (Table 3) . Virtually, all haplotypes carrying minor alleles were associated (P-values ,1.0 Â 10 213 ) with increased levels of linoleic acid (C18:2n-6), eicosadienoic acid (C20:2n-6), dihomo-g-linolenic acid (C20:3n-6) and a-linolenic acid (C18:3n-3) and with decreased levels of g-linolenic acid (C18:3n-6), arachidonic acid (C20:4n-6), adrenic acid (C22:4n-6), eicosapentaenoic acid (C20:5n-3) and n-3 docosapentaenoic acid (C22:5n-3), which was in line with the findings of the SNP analysis. For n-6 docosapentaenoic acid (C22:5n-6, after correction for multiple testing) and docosahexaenoic acid (C22:6n-3, uncorrected and corrected), haplotype analysis, as the previous SNP association analysis, showed no significant result.
The only minor allele 5-locus haplotype shows similar beta coefficient estimates and markedly smaller P-values than the 11-locus haplotypes Haplo.1 and Haplo.2. The less frequent 5-locus haplotype Haplo.1 is also significantly associated with some of the tested fatty acid levels. The variability in fatty acid levels explained by the genetic variants for the 11 SNPs and the 5 SNPs of the reconstructed haplotypes (Table 4) varies from high for arachidonic acid (C20:4n-6) (28.5 and 27.7%) to low for n-6 docosapentaenoic acid (C22:5n-6) and docosahexaenoic acid (C22:6n-3) (1 -3%).
Regarding the analysis of atopic diseases and related parameters, no association was seen for genotypes or haplotypes with total or specific IgE levels (data not shown, P-values before multiple testing .0.05, after multiple testing close to 1.0). For the binary outcomes of allergic rhinitis and atopic eczema, protective odds ratios (OR) were obtained . For haplotype analyses of allergic rhinitis and atopic eczema, the number of subjects homozygous for the minor alleles was very small among affected subjects (regarding the 5-locus MiA haplotype, for allergic rhinitis, two subjects were homozygous and 15 heterozygous, and for atopic eczema, two were homozygous and nine heterozygous). These subjects were thus pooled together with the heterozygotes for the binary outcome analysis. To further enhance the power of the analyses, the threshold for the Haplo.rare group was enhanced to a frequency ,5%. . The 11-locus haplotypes also showed a tendency towards protective ORs. After correction for multiple testing, all significances for the associations between the gene variants and atopic diseases were not statistically significant anymore.
DISCUSSION
Arachidonic acid (C20:4n-6), as the direct precursor fatty acid for the formation of inflammatory eicosanoids, is thought to be an important factor for the development of a variety of complex diseases (3, 7, 8) . In this population-based sample, we found that minor alleles of SNPs in the FADS1 gene and the promoter region of the FADS2 gene and the two genes encoding the two relevant desaturases on the metabolic pathway leading to arachidonic acid (C20:4n-6) production, as well as their corresponding haplotypes, were highly associated with an increase in levels of linoleic acid (C18:2n-6), eicosadienoic acid (C20:2n-6), dihomo-glinolenic acid (C20:3n-6) and a-linolenic acid (C18:3n-3) and with a decrease in the levels of g-linolenic acid (C18:3n-6), arachidonic acid (C20:4n-6), adrenic acid P-values that exceed 1.0 after correction for multiple testing have been marked down to 1.0.
(C22:4n-6), eicosapentaenoic acid (C20:5n-3) and n-3 docosapentaenoic acid (C22:5n-3) and less pronounced in n-6 docosapentaenoic acid (C22:5n-6) in human serum phospholipids. Apart from n-6 docosapentaenoic acid (C22:5n-6), the associations remained highly significant even after the correction for multiple testing. The most significant associations and the highest proportion of genetically explained variability (28%) were found for arachidonic acid (C20:4n-6).
Our findings highlight the importance of the desaturation pathways on n-6 and n-3 PUFA levels in serum phospholipids and that this is under genetic control. It was interesting to observe that the minor alleles of the SNPs rs174544, rs174553, rs174556, rs174561, rs3834458, rs99780 and rs174583 were mostly associated with a decrease in the level of desaturase products while accumulating the substrates. This could be an indication for a decline in the transcriptional levels or in the conversion rates of the desaturases in those subjects. The observed trend per copy of the minor allele in the associations supports that hypothesis: when compared with the homozygotes for the major alleles, the changes in the desaturases substrates and products of the homozygotes for the minor alleles were twice as high as the changes in the heterozygotes.
The observed associations could be directly caused by the analysed SNPs. As these SNPs are highly correlated, one of the SNPs would be sufficient to cause the associations in the others. The most interesting SNPs are rs174561 and rs3834458, as both SNPs are located in CpG islands in between the two genes. Furthermore, rs174561 is located in a hypothetical promoter region for the FADS2 gene, as well as in a hypothetical transcription factor-binding site (Table 1) . Those two SNPs are therefore candidates for a direct influence on the transcriptional level. It is also possible that the functionally relevant SNPs are not among the ones that were directly analysed, but that we picked up an association of latent variants that are in strong LD with the causative variant(s). If the haplotypes had shown stronger associations than the SNPs separately, this would have suggested latent functional SNPs, which have not been analysed, or an effect of more than one causal DNA variant being present on one haplotype. However, that was not the case: the haplotypes showed an equally strong or even a less strong association when compared with the SNP associations. These SNPs were all highly correlated with each other and that one causal SNP among these might explain the association of all other.
Not only arachidonic acid (C20:4n-6), but also its percursors linoleic acid (C18:2n-6), g-linolenic acid (C18:3n-6) and dihomo-g-linolenic acid (C20:3n-6) showed strong associations with the genetic variants. On the basis of this finding, we suggest an effect of these SNPs or other variants in LD on both the D6D-and the D5D-transcriptional levels or enzyme activities.
The highly significant associations between the fatty acid composition in serum phospholipids and the FADS1 FADS2 variants in our study group are unlikely to result from any population stratification. The associations are so high that a major population stratification would be necessary to yield such effects. Furthermore, the analysis of quantitative phenotypes diminishes the problem when compared with a casecontrol study analysis (29) .
Only the fatty acids in serum phospholipids belonging to the D5D and D6D pathways showed statistically significant associations, whereas other fatty acids in serum phospholipids belonging to other fatty acid pathways like oleic acid (C18:1n-9, data not shown) and docosahexaenoic acid (C22:6n-3), which is mainly derived from dietary intake, did not show any significant associations with the genetic variants.
Interestingly, the level of dihomo-g-linolenic acid (C20:3n-6) was shown to be enhanced in subjects carrying the minor alleles, whereas serum phospholipids of the same subjects exhibited lowered levels of g-linolenic acid (C18:3n-6). We speculate that this raised percentage of the higher-chained fatty acid could be a result of the metabolic pathway via eicosadienoic acid (C20:2n-6). It could be further hypothesized that this is due to a modulated specificity of the enzyme.
It is important to look at the possible consequences of the observed effects regarding the production of inflammatory substances in the body and membrane characteristics. A significant decrease in the levels of arachidonic acid (C20:4n-6) and eicosapentaenoic acid (C20:5n-3) and a significant increase in the level of dihomo-g-linolenic acid (C20:3n-6) were found for carriers of the minor alleles in the respective variants. All three PUFAs serve as substrates for cyclooxygenases (COX-1 and COX-2), and their products are involved in inflammatory processes: (i) arachidonic acid (C20:4n-6) is the direct precursor of strong inflammation mediators, the twoseries prostaglandins (PG) and four-series leukotrienes (LT); (ii) eicosapentaenoic acid (C20:5n-3) is the direct precursor of light inflammatory eicosanoids, the three-series PGs and five-series LTs; (iii) dihomo-g-linolenic acid (C20:3n-6) is the precursor of PGs of the one-series, which are thought to have anti-inflammatory effects (30 -32) . Thus, the proposed diminished conversion rates or lowered transcriptional levels of the enzymes would result in enhanced levels of substrates for hypothetic anti-inflammatory eicosanoids and in decreased levels of substrates for strong and light inflammatory eicosanoids. More generally, PUFAs and their derivatives, the eicosanoids, are involved in numerous signalling processes throughout the human body. They act, for example, as important ligands of peroxisome proliferator-activated receptors (PPARs), which are powerful transcription factors for -6) 6.3 5.9 n-6 Docosapentaenoic acid (ln C22:5n-6)
1 9 several genes that are involved in lipid and glucose metabolism, inflammation and wound healing (33, 34) . Differences in the membrane's microenvironment might furthermore affect binding characteristics of embedded proteins or other interacting molecules. The level of arachidonic acid (C20:4n-6), the direct precursor of inflammatory mediators, was previously found to be enhanced in allergic rhinitis patients in our study population (35) . In the present study, we found associations of the FADS1 FADS2 gene cluster with allergic rhinitis and atopic eczema. On the one hand, these associations did not remain significant after correction for the multiple tests performed. On the other hand, this tendency for an association of the gene cluster with atopic diseases would correspond well to the findings of Obukowicz et al. (16) , where they could demonstrate that selective D5D and D6D inhibitors show an anti-inflammatory response in mice. Furthermore, various genome-wide scans suggest linkage of the chromosomal region 11q12 -13.1, where the FADS1 FADS2 gene cluster is located, with atopy (25) . However, statistical significance concerning atopic diseases could not be proved in our study, and a larger study would be required to provide possible evidence for the associations between the FADS1 FADS2 gene cluster and atopic diseases.
Besides atopic diseases, fatty acids also seem to play an important role in the aetiology of other complex diseases. Enhanced levels of linoleic acid (C18:2n-6) and a reduction of arachidonic acid (C20:4n-6) and adrenic acid (C22:4n-6), for example, were found in the brains of patients with Alzheimer's disease (6) . In schizophrenic patients, abnormalities in membrane phospholipids were found. Moreover, a clear association of schizophrenia with in vivo and postmortem PUFA brain contents, especially with lower levels of arachidonic acid (C20:4n-6), was detected (36,37). Those abnormalities have been shown not to derive from nutrition but may be due to the human's intrinsic membrane phospholipid metabolism (38) .
Summary and conclusion
This is the first study demonstrating that the fatty acid composition of serum phospholipids is genetically controlled by the FADS1 FADS2 gene cluster. The investigated SNPs in this cluster explained 28% of the variance of arachidonic acid and up to 12% of its precursor acids. We hypothesize that the variants indicate a difference in the conversion of n-3 and n-6 PUFAs catalysed by the delta5-and the delta6-desaturase, respectively. There might also be a potential of this gene cluster to have an impact on atopic disease risk.
MATERIALS AND METHODS

Study population
The European Community Respiratory Health Survey I (ECRHS I) 1991 -1992 studied a population-based sample of randomly selected, mainly Caucasian, subjects in the Thuringian city of Erfurt aged between 20 and 64 years who answered a standardized screening questionnaire. The study design of ECRHS I and population sampling are described in detail elsewhere (39 -41) . In brief, 1282 participants answered the main questionnaire, 1258 of whom underwent a medical examination including blood sampling for analysis of specific and total IgE. A subgroup of 802 participants took part in dietary protocols, and it was possible to validate 764 of them (41) ; from this subgroup, phospholipids of 740 deep frozen (2808C) serum samples were isolated, and fatty acid concentrations were analysed. The DNA of 727 participants was available for genetic testing. The population of this study consists of these 727 subjects, with data on both genotypes and fatty acid composition in serum phospholipids. The characteristics of the study population are described in Table 5 . All study methods were approved by the ethics committee of the 'Bayerische Landesärztekammer' Munich. 
Blood tests and questionnaire-derived data
The following parameters were available as atopic characteristics and quantitative traits for atopy: total IgE levels, specific IgE levels towards common allergens (house dust mite Dermatophagoides pteronyssinus, grass pollen, cat, Cladosporium and birch pollen), self-reported allergic rhinitis and atopic eczema consisting of people who reported 'eczema or skin allergies' together with a detectable specific IgE level .0.35 kU/l towards at least one of the common allergens. Total and specific IgE antibodies were measured with the Pharmacia CAP system (42) .
Measurement of fatty acid levels
After addition of 0.1 mg/ml pentadecanoic acid (C15:0) as an internal standard, serum phospholipids were extracted from plasma with hexane:isopropanol (3:2 vol/vol) (43) . The phospholipid fraction was isolated by thin-layer chromatography (44) , and individual lipid fractions were further processed by adding methanolic hydrochloric acid. Fatty acid methyl esters were analysed on capillary 60 m Â 0.32 mm BPX70 columns (SGE, Weiterstadt, Germany) by gas chromatography using a Hewlett-Packard 5890 series II gas chromatograph (Hewlett Packard, Waldbronn, Germany) (45) . Fatty acids were expressed as a percentage of the weight of the total fatty acids measured. Some of the fatty acids in serum phospholipids involved in the n-3 (C18:4n-3, C20:4n-3, C24:5n-3, C24:6n-3) and n-6 (C24:4n-6, C24:5n-6) pathways could not be analysed because of a detection limit and/or limits of baseline separation in gas chromatography. However, all the fatty acids considered to be clinically important were analysed.
Genotyping
The rationale for SNP selection was carried out as suggested by Pritchard and Przeworski (46) for short distances. For the selection, the National Center for Biotechnology (NCBI) SNP database dbSNP Build 124, based on NCBI Human Genome Build 35.1 (January 6, 2005) (http://www.ncbi.nlm. nih.gov/SNP/) and the formerly commercially available database of Celera (CeleraDiscoverySystem) were used. SNPs were chosen on the basis of positional and functional aspects to enhance the chance of detecting associations. They were chosen on the basis of density (if possible, distance ,5 kb), frequency, level of validation, occurrence in or near functional regions like exons, hypothetical promoter regions (http://thr.cit.nih.gov/molbio/proscan/, http://www.genomatix. de/products/PromoterInspector/) and CpG islands (http:// www.uscnorris.com/cpgislands2/cpg.aspx), 5 0 and 3 0 -UTRs (http://www.ba.itb.cnr.it/BIG/UTRScan/), exon -intron boundaries, hypothetical transcription factor-binding sites (http:// www.genomatix.de/products/MatInspector/) and humanmouse conserved sequences (http://genome.ucsc.edu/cgi-bin/ hgGateway). The extraction of genomic DNA from whole blood was performed by a standard salt-precipitation method (47) . Genotyping of SNPs in the FADS1 FADS2 cluster was performed using matrix-assisted laser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF MS) to detect allele-specific primer extension products (Mass Array, Sequenom, San Diego, CA). Genotyping was conducted according to Sequenom's instructions (http://www. sequenom.com/Assets/pdfs/appnotes/hME.pdf, http://www. sequenom.com/Assets/pdfs/appnotes/Multiplexing_hME_App_ Note.pdf) and slightly modified (48) . PCR primers were designed by Sequenom's MassArrayAssayDesign program, and then aligned to the gene cluster in order to check for accuracy and to eliminate false results from genotyping repeat regions (http://genome.ucsc.edu/cgi-bin/hgBlat). 
Online Mendelian inheritance in man
Statistical analysis
The primary dependent variables for the association analyses were the fatty acid levels in phospholipids, total and specific IgE levels, atopic eczema and self-reported allergic rhinitis. The principal independent variables were the 18 genotyped SNPs in the FADS1 FADS2 cluster. Hardy -Weinberg equilibrium was tested for each SNP locus with Fisher's exact test on a contingency table of observed-versus-predicted genotype frequencies using a modified Markov-chain random walk algorithm (49,50) using the JLIN v1.0 software (http://www. genepi.com.au/jlin). As measures for pairwise linkage disequilibrium between each pair of SNP loci, Lewontin's disequilibrium coefficient D 0 and the squared correlation coefficient were estimated and plotted with JLIN. Normal distribution of the fatty acids was tested by the Kolmogorov -Smirnov test and distribution plots. For the skewed outcomes g-linolenic acid (C18:3n-6), n-6 docosapentaenoic acid (C22:5n-6), eicosapentaenoic acid (C20:5n-3) and total IgE levels, normal distribution was obtained by natural logarithm transformation of the data. Generalized linear regression models (51) were used for the SNP association analysis with quantitative and binary outcome variables assuming an additive inheritance model. Age, gender, BMI, smoking status and education were included as covariates. Analyses of the quantitative dependent variables, fatty acid levels and total IgE levels, were performed with linear models. For the analyses of the binary-dependent variables, atopic diseases and the classified specific IgE levels, logistic models were applied.
SNP association analysis was performed using Minitab software version 14 (Minitab Inc.) and S-PLUS version 6.2 (Insightful Corp.). Haplotypes were reconstructed and analysed using the haplo.glm function of the R library HaploStats (52) (http://mayoresearch.mayo.edu/mayo/research/biostat/ splusfunctions.cfm). All haplotypes were included in the model, except the most common haplotype, which served as a reference. All other haplotypes with an expected frequency higher than 1% were modelled. Each possible haplotype combination per individual entered the model as a weighted observation according to the approach 'EM by the method of weights' (53) . The weights were calculated as the posterior probabilities of the respective pair of haplotypes. Rare haplotypes (frequency ,1%) were pooled and included in the model as a group called 'haplo.rare'. The number of effective loci was computed using the spectral decomposition method (27) (http://genepi.qimr.edu.au/general/daleN/SNPSpD). The nominal significance level for the primary analysis was conservatively corrected for the number of effective loci times the number of analysed fatty acids. The variability in fatty acid levels explained by the genetic variants was calculated by linear regression modelling with the R program.
